Streptomyces glaucescens ETH 22794 produced a variety of antibiotic substances. Besides low molecular weight antibiotics like hydroxystreptomycin and the tetracenomycins, this strain excreted glaucescin, a high molecular weight product with bacteriocin-like properties. In plate tests the antagonism of glaucescin against Streptomyces canadiensis was masked by the large inhibition zone caused by the tetracenomycins. Glaucescin activity was revealed when a tetracenomycin-resistant mutant of S. canadiensis NRRL 3155 was used as an indicator. Glaucescin was produced on complex and minimal solid and liquid media. It was not inducible by mitomycin C. The killing activity of glaucescin was thermolabile and resistant to DNAase, RNAase, various proteinases, and lipase. Its apparent molecular weight was estimated as 196000 by gel filtration and glycerol gradient centrifugation. Glaucescin preferentially killed outgrowing spores of S. canadiensis. Resting spores and mycelium were considerably less sensitive to the inhibitor, and adsorption of glaucescin by S. canadiensis paralleled sensitivity. The activity spectrum of the bacteriocin was restricted to spore-forming Actinomycetales. Non spore-forming nocardiae and a variety of Grampositive and Gram-negative bacteria were resistant to glaucescin.
Glaucescin, a Bacteriocin-like Substance from
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In plate tests the antagonism of glaucescin against Streptomyces canadiensis was masked by the large inhibition zone caused by the tetracenomycins. Glaucescin activity was revealed when a tetracenomycin-resistant mutant of S. canadiensis NRRL 3155 was used as an indicator. Glaucescin was produced on complex and minimal solid and liquid media. It was not inducible by mitomycin C. The killing activity of glaucescin was thermolabile and resistant to DNAase, RNAase, various proteinases, and lipase. Its apparent molecular weight was estimated as 196000 by gel filtration and glycerol gradient centrifugation. Glaucescin preferentially killed outgrowing spores of S. canadiensis. Resting spores and mycelium were considerably less sensitive to the inhibitor, and adsorption of glaucescin by S. canadiensis paralleled sensitivity. The activity spectrum of the bacteriocin was restricted to spore-forming Actinomycetales. Non spore-forming nocardiae and a variety of Grampositive and Gram-negative bacteria were resistant to glaucescin.
I N T R O D U C T I O N
Production of bacteriocins and bacteriocin-like substances has been observed in various genera of Gram-positive bacteria (for a review, see Tagg et al., 1976) . Among the actinomycetes, a group of Gram-positive bacteria known to produce a wide variety of antibiotics, only two antagonistic substances have been described which have the characteristics of bacteriocins. Roelants & Naudts (1964) reported the production of a mitomycin C-inducible bacteriocin-like substance by Streptomyces virginiae and Franker et al. (1 977) characterized a bacteriocin with temperature-dependent killing properties from Actinomyces odon toly t icus.
This communication describes some properties of glaucescin, a bacteriocin-like substance of Streptomyces glaucescens ETH 22794. Interest in glaucescin arose in the course of studies on the genetics of extracellular products from this organism because of the possibility that bacteriocinogeny might become useful as a model for plasmid-determined inheritance. At present, however, information on the genetics of glaucescin production is lacking. Streptomyces glaucescens produces hydroxystreptomycin (Hiitter, 1967) and the tetracenomycins (Weber et al., 1979) , a family of low molecular weight lipophilic antibiotics. Genetic analysis of S. glaucescens revealed a circular linkage map (Baumann et al., 1974) and suggested plasmid involvement in the control of melanin formation (Baumann & Kocher, 1976) .
Organisms. Glaucescin production was studied in strain GLAO, the wild-type of Streptomyces glaucescens ETH 22794. Strain GLA108 is a spontaneous mutant derived from strain GLAO producing neither hydroxystrepton;ycin, tetracenomycin C nor glaucescin. Strain GLA600, which is also a spontaneous mutant of strain GLAO, has lost the ability to produce tetracenomycin C. Strain CANO, the wild-type strain of Streptomyces canadiensis NRRL 3155, was the standard indicator strain used for assaying glaucescin. Strain CAN1, a spontaneous mutant of strain CANO, is resistant to glaucescin. Strain CAN2 arose spontaneously from strain CANO and is resistant to the tetracenomycins. Bacterial strains used for testing the activity spectrum of glaucescin are listed in Table 1 .
Media and maintenance of strains. Yeast extractlmalt extract agar of Pridham et al. (1957) supported good growth and sporulation of S. glaucescens strains. Glycerol/asparagine agar of Pridham & Lyons (1961) was used for the propagation of strains of S. canadiensis. Both organisms were stored on slants of these media at 4°C. The different actinomycete strains used for testing the activity spectrum of glaucescin were grown either on yeast extractlmalt extract agar or on glycerol/asparagine agar. The other bacteria used for testing the activity spectrum were all grown on nutrientlyeast agar, which contained (%, w/v): nutrient broth, 0.8; yeast extract, 0.5; NaCl, 0.8; agar, 2. Endospores of Bacillus species were harvested from cultures grown on GYS broth (Yousten & Rogoff, 1969) . For liquid cultures, S. glaucescens was grown either in the liquid minimal medium of Baumann & Kocher (1976) or in nutrient/glucose broth, which contained (%, w/v): nutrient broth, 0-8; glucose, 0.5; Ca(N0,),.4H20, 0.1 (pH 7.3). Glucose and Ca(NO,), were added after autoclaving as sterile 50 yo (w/v) and 10 % (w/v) solutions, respectively.
Prepurntion of spore suspensions. Streptomycete spores were scraped from well-sporulated slants or Petri dishes, resuspended in sterile 0.1 % (w/v) Tween 80, filtered through cotton wool and centrifuged for 10 min at lO00Og. The resulting pellet was resuspended in 20% (v/v) glycerol and stored at -20°C until used (Hopwood et al., 1973) .
Isolation of resistant mutants. Minimum inhibitory concentrations were determined with gradient plates (Szybalsky, 1952) according to the method of Hunt & Sandham (1969) . Mutants of S. canadiensis strain CANO resistant to the tetracenomycins were isolated on gradient plates containing 5 ,ug tetracenomycin C ml-l in the basal layer. Strain CAN2, the mutant isolated by this procedure, showed cross-resistance to the other tetracenomycins.
To isolate glaucescin-resistant strains of S. canadiensis, 1-4 x lo4 AU (arbitrary units) glaucescin were incubated with 2.4 x lo8 spores of S. canadiensis in 9 ml nutrient broth for 1 h at 4°C and subsequently for 2 h at 30°C. Portions (0.5 ml) of this mixture were mixed with 2.5 ml yeast extract/malt extract soft agar and overlaid on yeast extract/malt extract agar plates. After 3 d at 30°C a total of 35 well-grown colonies were isolated and tested for glaucescin sensitivity in cross-streaks with strain GLA600. Five of these colonies were not inhibited by strain GLA6OO. One glaucescin-resistant isolate was designated CAN1 and used in further experiments.
Bioassays for total antibiotic activity and for glaucescin. As will be explained in Results, it is possible to discriminate between the low molecular weight antibiotics produced by S. glaucescens and glaucescin by the use of various combinations of producer strains and indicator strains in the bioassay. Qualitative assays for production of antibiotic activities by S. glaucescens or for sensitivity of indicator strains to the antibiotic activities produced by S. glaucescens were done with deferred cross-streaks. Spores of S. gluucescens were streaked with a loop in a single line on a yeast extractlmalt extract agar plate and incubated at 30°C. After 15 to 20 h, spores of S. canudiensis were cross-streaked and the plate was incubated further for 24 h.
The quantitative assay for total antibiotic activity of S. glaucescens and for glaucescin was based on the critical dilution method (Mayr-Harting et al., 1972) . Test samples wcre sterilized before assaying either by filtration (Sartorius type SM 11336; 0.45 pm pore size) or by addition of a few drops of chloroform. Under sterile conditions twofold serial dilutions in nutrient broth were made with a microtitration system (Dynatech Products). Samples ( 1 0~1 ) of each dilution were spotted with an Eppendorf pipette on indicator plates containing a basal layer of 25 ml yeast extractlmalt extract agar and a 3 ml top layer of yeast extract/malt extract soft agar with lo7 spores of S. canadiensis. After 24 h incubation at 30"C, the last dilution still giving macroscopically visible growth inhibition was defined as containing 1 arbitrary unit (AU) of glaucescin ml-l. As the dilutions were increased, the inhibition zones did not break up into discrete plaques but became less transparent.
Measurement of growth. Samples (5 ml) from growing cultures were filtered through a glass-fibre filter (Whatman GF/C). The mycelium-coated filters were washed with distilled water and used for protein determinations by the biuret method as described by Herbert et al. (1971) .
Preparation of glaucescin. Erlenmeyer flasks (500 ml, with four baffles) containing 150 ml nutrient/glucose broth or minimal medium were inoculated with spores of strain GLAO from one sporulated slant. The flasks were incubated at 30°C on a rotary shaker (100 rev. min-l) for 55 h (nutrient/glucose broth) or for 65 h (minimal medium). At this stage 0.09 g (nutrient/glucose broth) or 0.18 g (minimal medium) wet mycelium were transferred to baffled Erlenmeyer flasks (1 1) containing 300 ml of the medium used for the precultures. During incubation under the conditions described above, samples were taken for growth measurements and glaucescin assays. When maximum glaucescin activity was reached (after 10 h incubation for nutrient/glucose broth and 35 h incubation for minimal medium) the mycelium was removed by filtration through a paper filter (Schleicher & Schuell no. 589l) and the filtrate was used as a crude glaucescin preparation.
A 25-fold concentration of glaucescin with 100 % recovery was achieved by (NHJ2S04 precipitation at 4°C. The culture filtrate was mixed with 2 M-phosphate buffer pH 7-8 and glycerol to give final concentrations of 0.1 M and 10% (v/v), respectively. Solid (NH&S04 was slowly added to give 60% saturation. The resulting suspension was stirred for 1 h at 4°C and centrifuged at 20000 g for 45 min. The precipitate was dissolved in a small volume of an appropriate buffer, usually 0.1 M-phosphate buffer pH 7.8 containing 20 % glycerol.
Molecular weight estimations. The molecular weight of glaucescin was estimated by chromatography on a Sepharose CL-6B column (2.5 x 88 cm). Human haemoglobin A (rnol. wt 64 150; Ganguly et al., 1963), pig heart citrate synthase (rnol. wt 100000; Wu & Yang, 1970), lactic dehydrogenase from rabbit muscle (mol. wt 142000; Jaenicke & Knof, 1968) , pig heart fumarase (mol. wt 194000; Kanarek et al., 1964) , catalase from bovine liver (which behaved on columns as a protein of mol. wt 195000; Andrews, 1965) and bovine liver glutamate dehydrogenase (mol. wt 320000; Goldin & Frieden, 1971 ) were used to calibrate the column. Glaucescin and the molecular weight markers were applied to the column in a volume of 6 ml. Proteins were eluted with 0.1 M-phosphate buffer pH 7.0 containing 10% glycerol at a flow rate of 19 ml h-l and fractions of 2.2 ml were taken from the effluent.
The void volume V, was determined with blue dextran 2000 in a separate run, since a number of proteins (e.g. haemoglobin) are known to bind to blue dextran. Catalase and haemoglobin A were measured by their absorption at 410 nm. The other proteins were assayed by standard methods as described in Bergmeyer
(1 974).
The sedimentation behaviour was analysed by the technique of Martin & Ames (1961), using bovine liver catalase (s20,w = 11.30 S; Sober, 1970), fumarase from pig heart (s20,w = 9.15 S; Kanarek et al., 1964) and human haemoglobin A (szo,w = 4.56 S; Ganguly et al., 1963) as markers. Samples (0.3 ml) were layered on 8 to 33 % (w/w) glycerol gradients prepared in 0.1 M-phosphate buffer pH 7.8. Centrifugation was done at 4°C in a SW50.1 rotor using a Spinco L2-65B ultracentrifuge. After 16 h centrifugation at 39000 rev. min-l, 0.15 ml fractions were collected from the bottom of the tubes and analysed for glaucescin and the marker proteins.
Chemicals. Pronase, lactic dehydrogenase (rabbit muscle) and catalase (bovine liver) were purchased from Calbiochem, DNase 1 (beef pancreas), RNase A (bovine pancreas) and mitomycin C from Sigma, and trypsin (bovine pancreas), citrate syn thase (pig heart), fumarase (pig heart) and glutamate dehydrogenase (bovine liver) from Boehringer. Proteinase K (mushroom) was obtained from Merck, lipase (Aspergillus rhizopus) from Serva, streptomycin from Novo Industri (Copenhagen, Denmark) and Sepharose CL-6B and blue dextran 2000 from Pharmacia. Ingredients for the complex growth media were Ourchased from Difco. Tetracenomycin C and human haemoglobin A were generous gifts of W. Weber and H. Zahner (Tubingen) and K. Winterhalter (Zurich), respectively
R E S U L T S
Interference of antibiotics with the detection of glaucescin Tetracenomycins and hydroxystreptomycin, the lower molecular weight antibiotics produced by S. glaucescens, interfered with the qualitative detection of glaucescin in crossstreaks when S. canadiensis strain CANO was used as an indicator. The minimum inhibitory concentration of streptomycin for strain CANO was 0.3 pg ml-l and that of tetracenomycin C was 0-8,ugml-l. The antibiotic activity of glaucescin produced by strain GLAO was therefore masked in the cross-streak test by the fast-diffusing tetracenomycins. Glaucescin could be detected when tetracenomycin non-producers, e.g. strain GLA600, were used as a source of glaucescin (Fig. 1) . Hydroxystreptomycin was produced in such low amounts that it did not interfere with the test for glaucescin activity.
In order to selectively measure either the low molecular weight antibiotics or glaucescin, we isolated glaucescin-resistant (strain CAN1) and tetracenomycin-resistant (strain CAN2) Fig. 1 . Deferred cross-streaks of S. cunudiensis strain CANO (vertical streaks) against preincubated horizontal streaks of S. gZuucescens strains GLAO (a), GLAGOO (b) , and GLA108 (c). CIN and TCM indicate the inhibition zones caused by glaucescin and the tetracenomycins, respectively. mutants of S. canadiensis. Strain CAN1 was used to estimate the low molecular weight antibiotics and with strain CAN2 it was possible to assay glaucescin specifically (Fig. 2) . In the quantitative assay for glaucescin by the critical dilution method, the contribution of the low molecular weight antibiotics to the total antibiotic activity was marginal. This is evident from Fig. 3 where glaucescin formation on two media has been followed with strain CANO and with the glaucescin-resistant mutant CANl as indicators. In other experiments, the tetracenomycins and hydroxystreptomycin were removed from liquid samples by gel filtration on Sephadex G-25. The wild-type strain CANO was therefore used as the indicator strain for most determinations of glaucescin titres.
Production of glaucescin by S. glaucescens Glaucescin was produced on different liquid and solid media whereas a bacteriocin from Actinornyces odontolyticus has been reported to be formed only during growth on solid medium (Franker et al., 1977) . In early experiments, nutrient/glucose broth was used for cultivating strain GLAO for 10 h at 30°C which reproducibly led to glaucescin titres of 32 to 64AUml-l (Fig. 3) . The correct adjustment of the initial pH of nutrient/glucose broth proved to be crucial for obtaining high glaucescin yields. If the initial pH of the medium was below 6.5, low yields of glaucescin were obtained. It is not known whether this was due to the instability of glaucescin under acid conditions or whether the formation of glaucescin was decreased during growth on slighlly acid media. To avoid some of the Glaucescin activity (0,a) was assayed as 'total antibiotic activity' using S. canudiensis strain CAN0 as an indicator. Low molecular weight antibiotics (0, W) were measured by the critical dilution assay with S. canadiensis strain CAN1 as an indicator. Growth (A, A) was followed by measuring the production of cell protein. disadvantages of complex media, such as the presence of peptides and melanin formation (Baumann & Kocher, 1976) , minimal medium was used for the production of glaucescin in later experiments. After 30 to 40 h growth in minimal medium the same glaucescin titres as in nutrient/glucose broth were reached (Fig. 3) . Attempts to induce glaucescin formation by treatment with mitomycin C failed. Mitomycin C was added at various concentrations (0.5 to 8 ,ug ml-l) either early or late during growth of strain GLAO. Although these concentrations of mitomycin C led to various degrees of inhibition of growth, the glaucescin titres observed during the 12 h cultivation following addition of the inhibitor were always lower than in the mitomycin C-free control (results not shown). Mahoney (1977) reported that it was not possible to induce bacteriocins from Clostridium perfringens in the continuous presence of mitomycin C. However, when excess mitomycin C was removed after treatment of the cells, induction of bacteriocins was successful. A similar approach was tried for the induction of glaucescin in S. glaucescens without success. Properties of glaucescin Glaucescin was unstable at 4°C. In 0.1 M-phosphate buffer the stability varied with the pH; at pH 6-5 the half-life was 30 h, while at p H 8.0 it increased to approximately 80 h (Fig. 4) . The stability of glaucescin in 0.1 M-Tris/HCl buffer and in 0.05 M-glycine/NaOH buffer was lower at all pH values tested than its stability in 0.1 M-phosphate buffer pH 8.0 (Fig. 4) . Divalent metal ions, protease inhibitors, reducing agents or EDTA had no effect on the stability of glaucescin. However, addition of 20 yo (v/v) glycerol to 0.1 M-phosphate buffer pH 7.8 increased the half-life from 3 to 8.5 d. Glaucescin was thermolabile; a solution in 0.1 M-phosphate buffer pH 7.8 containing 20 % (v/v) glycerol was completely inactivated by 30 min incubation at 55°C but was unaffected at 40°C or below. Chloroform had no influence on glaucescin stability when the preparations were kept at 4 "C. However, freezing in the presence of chloroform led to a rapid inactivation of glaucescin.
To obtain information on the chemical nature of glaucescin, the sensitivity of a concentrated glaucescin preparation to various degrading enzymes was tested. Pronase, proteinase K, trypsin, DNAase 1, RNAase A, and lipase were dissolved at final concentrations of 0.5 mg ml-l in a solution of glaucescin in 0-1 M-phosphate buffer p H 7.8 containing 20% (v/v) glycerol. Samples containing lipase and DNAase 1 in addition contained 5 mM-MgC1, plus 5 mM-NaC1 and 5 mM-MgCI,, respectively. After 1 h incubation at 30 "C the glaucescin titres were determined and compared with controls incubated without added enzymes. There was no inactivation of glaucescin by any of the enzymes tested, so that speculations about the chemical composition of glaucescin seem premature.
Estimations of the molecular weight of glaucescin were performed by gel filtration on Sepharose CL-6B and by ultracentrifugation in 8 to 33 yo (w/w) glycerol gradients. Glycerol rather than sucrose was chosen as the medium for the gradients in order to create conditions for maximal stability of glaucescin. Glaucescin activity eluted from Sepharose CL-6B as a single symmetrical peak corresponding to a molecular weight of 196000. Glaucescin also sedimented as a single band during centrifugation in glycerol gradients (Fig. 5) . The shape of the glaucescin peak was similar to the shape of the peaks formed by the marker enzymes, indicating that a single molecular species of glaucescin was present. Maximum activity sedimented at 9.28 S corresponding to an apparent molecular weight of 198000. Fig. 6 . Sensitivity to glaucescin and adsorption capacity for glaucescin during germination and outgrowth of spores from S. cunadiensis. For the determination of glaucescin sensitivity (O), nutrient/glucose broth was inoculated with spores of strain CANO (lo4 ml-l) and incubated at 30°C without agitation. At intervals, 1 ml samples were taken, mixed with 1 ml glaucescin solution (48 AU ml-l), incubated for 1 h at 30"C, and tested for survivors by plating an appropriate dilution on yeast extract/malt extract agar. As 1 AU glaucescin killed 2 x lo5 spores in the standard assay, spores were exposed to a 1000-fold excess of glaucescin in this experiment. For measuring the adsorption of glaucescin (a), 2 x lo9 spores of strain CANO (50 mg wet wt) were suspended in 1 ml nutrient broth and mixed with an equal volume of glaucescin solution (48 AU ml-l). After incubation for 30min at 30"C, the spores were removed by centrifugation and the residual glaucescin activity was measured. The decrease in the glaucescin titre was considered to be due to adsorption. The same procedure was followed with 2 x loD spores of strain CANO which had been preincubated for 9 h at 30°C (300 mg wet wt) and with mycelium (300 mg wet wt) grown for 41 h at 30 "C.
Growth phase-dependent glaucescin sensitivity of S. canadiensis
The growth phase-dependent sensitivity of S. canadiensis was first observed when indicator plates were used which had been stored for 6 weeks at 4°C. The spores on these plates had germinated and had become insensitive to a glaucescin solution of 128 AUml-l. In a subsequent experiment, spores preincubated in nutrient/glucose broth for various times were exposed to a 1000-fold excess of glaucescin and assayed for survival by plating on yeast extract/malt extract agar. Resting spores were only moderately sensitive to glaucescin (Fig. 6 ) whereas germinating spores passed through a phase in which 100 yo of the population was killed by glaucescin. As outgrowth of the spores continued and mycelium was formed, sensitivity to glaucescin decreased again. In the experiment described in Fig. 6 spore germination was asynchronous. However, as judged from microscopical examinations, the majority of the spores were outgrowing or had finished outgrowth after 8 to 10 h incubation when the population had reached maximum sensitivity to glaucescin. The adsorption capacity of S. canadiensis for glaucescin paralleled the sensitivity to glaucescin. When an excess of resting spores was incubated with a dilute glaucescin solution no binding of glaucescin was detected. Outgrowing spores at the stage of maximum sensitivity adsorbed all glaucescin from the solution while mycelium again showed poor binding capacity (Fig. 6) .
Under the same conditions a non spore-forming, glaucescin-insensitive Nocardia mediterranei adsorbed no glaucescin.
Activity spectrum of glaucescin A number of Gram-negative and Gram-positive bacteria with special emphasis on representatives of the Actinomycetales were tested for sensitivity to glaucescin : 22 out of 27 streptomycetes species ahd 5 out of 6 other spore-forming species of different actinomycetes genera showed various degrees of sensitivity as compared with the standard indicator strain S. canadiensis (Table 1 ). The sensitive strains S. venezuelae LBG A 301 5, Table 1 . Activity spectrum of glaucescin Spore suspensions of all spore-forming actinomycetes strains were prepared. Spore titres were determined by viable counts and indicator plates with lo7 spores per plate were prepared as described for S. canadiensis. The Nocardia strains were examined in the same way as the sporeforming actinomycetes. Other bacteria were grown overnight in nutrient/yeast broth and 0.1 ml samples of each of these cultures were mixed with 2-5 ml soft agar and poured on yeast extract/malt extract plates. The sensitivity against a concentrated glaucescin solution (1024 AU ml-l) was determined with the standard glaucescin assay. Sensitivity is expressed relative to the sensitivity of S. canadiensis, which was set at 1. S. griseus NRRL B-1077 and S. ramulosus ATCC 19802 were tested for sensitivity against high molecular weight substances other than glaucescin which might be present in the glaucescin preparation. Only those fractions from a 8 to 33% (w/w) glycerol gradient of glaucescin which inhibited S. canadiensis were active against the other three strains. It is thus likely that glaucescin represents the only macromolecular inhibitor active against streptomycetes in the preparation used for testing the activity spectrum.
Species

Streptomyces
None of five non spore-forming Nocardia species and none of the other bacteria tested, including a Corynebacterium sp. and a Brevibacterium sp., were sensitive to glaucescin. Since glaucescin did not affect endospores of Bacillus species, its activity seems to be restricted to members of the spore-forming Actinomycetales. The producing strain, S. glaucescens GLAO, was insensitive to glaucescin.
D I S C U S S I O N
The scarcity of reports on bacteriocins and bacteriocin-like substances from Streptomyces strains is striking. It probably does not reflect a limited occurrence of bacteriocinogeny in this genus as compared to other genera of Gram-positive bacteria but rather is due to difficulties in detecting macromolecular antagonists of growth with simple screening methods, As illustrated by the system described in this communication, the inhibitory action of bacteriocins from Streptomyces strains on solid media may be masked by fastdiffusing low molecular weight antibiotics. We have eliminated inhibitory activity unrelated to glaucescin by selecting a spontaneous tetracenomycin-resistant derivative of the indicator strain which allowed the demonstration of glaucescin production in cross-streak assays on plates. I. Stevenson & D. A. Hopwood (personal communication) have made similar observations with coelicin, a bacteriocin from S. coelicolor strain A3(2).
The formation of some bacteriocins from Gram-positive bacteria is critically affected by components of the growth media (Tagg et al., 1976) or requires solid media, as in the case of the bacteriocin from Actinomyces odontolyticus (Franker et al., 1977) . The production of glaucescin by S. glaucescens was only slightly influenced by such factors. It occurred on solid as well as on liquid minimal and complex media. Efforts to induce glaucescin by exposing a growing culture to mitomycin C failed. This observation as well as its apparent molecular weight of 196000 make it seem unlikely that glaucescin activity is due to a defective bacteriophage. As stated by Bradley (1967) , the molecular weight of bacteriocins resembling bacteriophage components is in the range of several millions.
As glaucescin was insensitive to specific hydrolytic enzymes such as proteinases and lipase C, we lack evidence on the nature of the macromolecules responsible for the bactericidal effect. Some other characteristics of glaucescin are compatible with proteinaceous components being involved in its activity and suggest that glaucescin represents a true bacteriocin or a bacteriolytic enzyme. Its extreme instability over a wide range of pH values, a property of many bacteriocins, decreased by a factor of three when 20% glycerol was included in the storage buffer. A stabilizing effect of glycerol on the catalytic activity of enzymes has often been observed and was reported for marcescin, a bacteriocin from Serratia marcescens, by Eichenlaub & Winkler (1974) and for a yeast killer factor by Ouchi et al. (1978) . There was no indication that loss of activity of glaucescin was due to aggregation or disaggregation. The sedimentation profile in a glycerol gradient of an aged, partially inactivated glaucescin preparation was similar to the profile of a fresh preparation.
Glaucescin exclusively killed spore-forming Actinomycetales. Non spore-forming nocardiae were insensitive to glaucescin and, as shown for Nocardia mediterranei, did not adsorb the inhibitor. This narrow spectrum of activity of glaucescin is atypical for bacteriocins from Gram-positive bacteria, which usually act on a wide range of Gram-positive species (Tagg et al., 1976) .
Streptomyces glaucescens was insensitive to glaucescin. This is in contrast to S. virginiae, the only other bacteriocinogenic Streptomyces described so far, which is killed by its own bacteriocin (Roelants & Naudts, 1964) . In the case of some colicins, the insensitivity of the producing organism to its own bacteriocin has been shown to be due to an immunity substance simultaneously produced with the bacteriocin (Bowman et al., 1971) .
Glaucescin preferentially killed outgrowing spores of the indicator strain S. canadiensis. Resting spores and mycelium were less sensitive to the inhibitor. As the adsorption capacity of the indicator strain for glaucescin increased and decreased in parallel with the sensitivity of the indicator to glaucescin, it seems possible that glaucescin receptors are exposed only during a particular phase of development and that differential adsorption is the reason for the growth phase-dependent sensitivity of S. canadiensis. Alternatively, glaucescin might inhibit a specific event during germination and outgrowth of streptomycete spores.
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